Susceptibility to the promoting effects of sodium L-ascorbate (Na-AsA) on the development of pelvis and urinary bladder tumors in male and female SD/cShi rats, featuring spontaneous hydronephrosis, was investigated. Rats received 0.05% N-butyl-N-(4-hydroxybutyl)nitrosamine (BBN) in their drinking water for 4 weeks and subsequently given basal diet with or without a 5% Na-AsA supplement for 32 weeks. Histopathological examination revealed the promoting effect of Na-AsA on not only the development of urinary bladder tumors but also renal pelvic tumors in the animals of both sexes in this two-stage carcinogenesis experiment, the effect being more prominent in males. Administration of either BBN or Na-AsA alone also induced papillomas and papillary or nodular hyperplasia of renal pelvis or urinary bladder, respectively, in male but not female rats. However, the 5-bromo-2'-deoxyuridine-labeling index of urothelium in the pelvis and bladder increased slightly in male rats and significantly in female rats given Na-AsA alone for 8 weeks . N-butyl-N-(3-carboxypropyl) nitrosamine, which is a metabolite of BBN and proximate carcinogen, was found more in the urine of urinary bladder than that of renal pelvis. These results indicate that the urothelium of the renal pelvis and urinary bladder in SD/cShi rats is susceptible to promoting effects of Na-AsA in the present two stage model urinary tract carcinogenesis, with the urinary bladder of male rats as the most sensitive organ. (J Toxicol Pathol 2003; 16: 231-236) 
Introduction
Experimental carcinogenesis in the urinary bladder can be divided into at least two stages, initiation and promotion and a number of environmental agents that lack genotoxicity have been reported to act as promoters 1 . Some of these agents, including various sodium salts of organic acids, like sodium L-ascorbate (Na-AsA) and sodium saccharin, have the potential to increase the proliferation of epithelial cells in the second stage of rat urinary bladder carcinogenesis 1 .
Although a great number of studies of promoting mechanisms of sodium salts have been carried out focusing on the urinary bladder, only limited information is available with regard to the situation in the urothelium of the renal pelvis. This is partly because an appropriate animal model of renal pelvic carcinogenesis has hitherto been lacking. However, various causative agents for renal pelvic tumors have been reported to exist [2] [3] [4] and studies of promoting potential in the renal pelvis using appropriate experimental animals is important for prediction of human risk. SD/cShi rats, which have been established by fullsibling mating of SD rats supplied in 1961 to Aburahi Lab., Shionogi & Co., Ltd. (Koka, Shiga), from Charles River Breeding Laboratory in the United States, have bilateral hydronephrosis that is recessively inherited 5 . We previously reported that treatment with a urinary bladder carcinogen, Nbutyl-N-(4-hydroxybutyl)nitrosamine (BBN), is able to induce primary renal pelvic carcinomas in SD/cShi rats with a clear positive correlation being found between renal pelvic carcinogenesis and hydronephrosis 6, 7 .
In the present study, promoting activity of Na-AsA in the renal pelvis and urinary bladder was compared using SD/ cShi strain of rats.
Materials and Methods

Animals
The animals used in the present study were reared in accordance with recommendations of the Guide for the Care and Use of Animals 8 and all procedures were approved by Shionogi Animal Care and Use Committee. Five-week-old male SD/cShi rats were raised in Aburahi Lab. The animals were housed 2 rats per cage (RT type, Charles River Japan, Inc.) in a room maintained under a 12-h (7:00-19:00) lightdark cycle, at a constant temperature of 25 ± 1°C and relative humidity of 55 ± 10%. All rats were given MF diet (Oriental Yeast Co., Tokyo) and water ad libitum throughout the experiment. Mortality and general condition were checked daily.
Chemicals
The carcinogen, BBN was obtained from Tokyo Kasei Kogyo Co., Ltd., Tokyo. Na-AsA (food additive grade, 99.8% pure) was from Takeda Chemical Industries, Ltd., Osaka. The MF diet containing Na-AsA was prepared by Oriental Yeast Co., Tokyo. 5-Bromo-2'-deoxyuridine (BrdU) was purchased from Sigma, St. Louis, MO, U.S.A. while N-butyl-N-(3-carboxypropyl)nitrosamine (BCPN) was synthesized in our laboratory according to the method of Okada et al. 9 . The purity of BCPN was confirmed to be >99% by high-performance liquid chromatography (HPLC).
Induction of urinary tract tumors; Experiment 1
Twenty-five male and thirty female rats (6-week-old) were randomly divided into groups as shown in Table 1 . In the first 4 weeks of the experiment, the rats in groups 1 (12 rats), 2 (9 rats), 4 (12 rats), and 5 (12 rats) were given drinking water containing 0.05% BBN by volume while those of groups 3 (4 rats) and 6 (6 rats) were maintained without carcinogen exposure. During experimental weeks 5-36, groups 1, 3, 4, and 6 were fed powdered MF diet containing 5% Na-AsA and groups 2 and 5 were fed pelleted MF diet. Body weights were measured weekly up to week 4 and thereafter every 4 weeks. The amounts of water containing BBN (experimental weeks 0-4) and food (experimental weeks 5-36) consumed were measured during two consecutive days on a per-cage basis. The intake of sodium and total ascorbic acid (TAA) was calculated in consideration of the preexistent amount of sodium and ascorbic acid in food. At the end of the experiment, all survivors were killed for pathological examination.
DNA synthesis examination; Experiment 2
Rats of both sexes (6-week-old) was randomly divided into 4 groups as shown in Table 5 . The animals were fed powdered MF diet containing 5% Na-AsA (groups 1 and 3) or pelleted MF diet (groups 2 and 4, 6 rats each) for 8 weeks. The amounts of food consumed were measured over two consecutive days on a per-cage basis at experimental weeks 4 and 8. At the end of the experiment, BrdU (50 mg/kg) dissolved in saline was administered intraperitoneally to all rats 1 hour before ether anesthetization and autopsy. In order to avoid any variance between groups by circadian rhythms demonstrated in a number of cell cycle components, the animals were sequentially killed so that one rat from each of the groups was simultaneously killed under ether anesthesia.
BCPN detection in urine from the renal pelvis and urinary bladder; Experiment 3
F o u r m a l e S D / c S h i r a t s ( 9 -w e e k -o l d ) w e r e administered orally with 20 ml per kg body weight of 0.05% BBN (10 mg/kg bw as BBN). Four hours after administration, urine samples were collected from the renal pelvis and urinary bladder of rats anesthetized with pentobarbital. Treatment of the urine samples, and extraction, separation, and determination of BCPN by thinlayer chromatography and HPLC were performed as described in detail previously 10 .
Urinalysis
Fresh urine samples obtained by forced urination in the morning (9:00-11:00 a.m.) were used for measurement of pH, TAA and sodium ion concentration and the examination of occult blood. Urinalysis was performed at experimental weeks 12, 24, and 35 in Experiment 1 and at experimental weeks 4 and 8 in Experiment 2. The examination of pH, Lascorbic acid concentration, and occult blood was accomplished with urinary test papers (Merck & Co., Inc., and Hoechst Roussel Pharm, Inc., Germany). The sodium ion concentration was estimated by atomic absorbance c h e m i c a l a n a l y s i s ( A A -1 7 5 a t o m i c a b s o r p t i o n spectrophotometer; Varian Techtron Co., Canberra, Australia).
Pathological examination
In Experiment 1, rats were killed under ether anesthesia and the urinary bladders were inflated and fixed with 10% phosphate-buffered formalin (pH 7.4). After fixation, they were weighed, cut into 8 to 12 pieces, and routinely embedded in paraffin. The kidneys were also weighed. The whole ureters were cut to about 3 mm in length. Sections were stained with hematoxylin and eosin (H&E) for light microscopic examination. Histopathological lesions of urinary tract epithelium were classified into 4 categories: simple hyperplasia, papillary or nodular (PN) hyperplasia, papilloma, and carcinoma, as described previously 11 .
In Experiment 2 immunohistochemical BrdU staining was performed to assess DNA synthesis 11 . After the urinary bladders were processed as described in Experiment 1, the sections were incubated with a primary monoclonal antibody (1:2000) against BrdU (DAKO) at 4°C overnight. The avidin-biotin-peroxidase complex (ABC) method using Vectastain ABC Kit (Vector Laboratories Inc., Burlingame, CA, U.S.A.) was used according to the manufacturer's protocol, with diaminobenzidine (DAKO) as the chromogen. The labeling index (%) was microscopically defined as the numbers of cells positively stained with anti-BrdU antibody per the total number of epithelial cells counted (1000 cells per slide).
Data evaluation
Statistical analysis of the incidence of histopathological lesions was performed with the Fisher's exact probability test. The other data were evaluated by Student's t-test.
Results
Experiment 1
General conditions: Data for survival, body weights, organ weights, and intakes of BBN, sodium and TAA are summarized in Table 1 . One rat each in groups 2 and 4 died due to pyelonephritis and nephroblastoma at experimental weeks 20 and 24, respectively. The relative kidney weights differed significantly between groups 4 and 5. The relative weights of urinary bladders of rats given both BBN and Na-AsA were higher than the BBN or Na-AsA alone group values (group 1 versus groups 2 or 3; group 4 versus groups 5 or 6), but significant difference was not seen in between groups 1 and 2 or 3 and groups 4 and 6 due to larger standard deviation.
The amount of BBN intake did not vary with the group in either sex. The intakes of sodium and TAA were not different between groups 1 and 3 or between groups 4 and 6.
The results of urinalysis are summarized in Table 2 . The urinary pH and the urinary concentrations of sodium ion and ascorbic acid were increased significantly by the administration of Na-AsA but they were not significantly different between groups 1 and 3 or groups 4 and 6. Occult blood was observed at all time points in groups 1 and 2 and at experimental weeks 24 and 35 in group 4, but not in group 5. Increase in incidences with time was observed in females of group 4 but not males. In groups 3, 5, and 6 occult blood was observed sporadically at only one of 3 points examined.
Incidences of urinary tract tumors: Data for histopathological lesions in the kidney are summarized in Table 3 . The incidence of renal pelvic carcinomas and/or papillomas was higher in the rats given both BBN and Na-AsA (groups 1 and 4) than with BBN alone (groups 2 and 5), although there was no statistical significance. The incidence of PN hyperplasia observed in the rats given both BBN and Na-AsA (groups 1 and 4) was significantly higher than the BBN alone groups 2 and 5. In female rats given both BBN and Na-AsA, the incidence of simple hyperplasia was significantly higher than with BBN alone. Hydronephroses were observed in almost all rats. Nephroblastomas were noted in two female rats of group 4. Yields of urinary bladder lesions are summarized in Table 4 . Carcinomas were observed limited to rats given both BBN and Na-AsA (groups 1 and 4) . The incidence and number were significantly higher in group 1 than in group 2. Papillomas and PN hyperplasia in groups 1 and 4 were more frequent than in the BBN alone groups (groups 2 and 5) or the Na-AsA alone groups (groups 3 and 6). A statistical significant difference was found for the number of PN hyperplasia between groups 1 and 2. The incidence of simple hyperplasia also showed a tendency similar to the case with papilloma or PN hyperplasia.
No tumor was observed in the ureters in all groups.
Experiment 2
Brdu-labeling index: BrdU-labeling indices for the urinary epithelium of the renal pelvis and urinary bladder are shown in Table 5 . Values were increased significantly in female rats given Na-AsA but not in males, for which the standard deviation was large. The trends for body weight, i n t a k e , a n d u r i n a r y a n a l y s i s d a t a w i t h N a -A s A administration were similar to those in Experiment 1.
Experiment 3
Detection of BCPN in the urine: Data for the BCPN concentration in the urine samples from the renal pelvis and urinary bladder in the same animals are shown in Table 6 . The value for the renal pelvis was significantly lower than that for the urinary bladder.
Discussion
In the present study, promoting effects of Na-AsA were found on lesion development in the urothelium of renal pelvis in male and female SD/cShi rats. In both sexes of rats, BrdU-labeling indices for the urothelial epithelial cells of renal pelvis were increased as well as for the urinary bladder administered Na-AsA alone.
In the two-stage carcinogenesis, the urinary bladder epithelium in SD/cShi rats appears to be more sensitive to the promoting effects of Na-AsA than the renal pelvic epithelium. Moreover, there was a definite sex difference in the degree of promotion in both the renal pelvis and the urinary bladder. These results did not reflect the data of BrdU-labeling index in the urothelium obtained from the short term administration of Na-AsA alone. Therefore, these differences may be mainly attributable to variation in the degree of initiation by BBN, because rats receiving BBN alone exhibited a higher incidence and grade of proliferative lesions in the urinary bladder than in the kidney and in male than in female rats. Furthermore, the urinary concentration of a proximate carcinogen, BCPN, was approximately two times higher in the urinary bladder than in the renal pelvis. Similar results concerning the urinary concentration of BCPN were also obtained for SD/gShi rats which have normal kidneys (data not shown). The difference might be due to the difference in the period of retention of urine, because in the renal pelvis BCPN is continuously transferred into the urinary bladder and is diluted by fresh urine supplied by the kidney, while in the urinary bladder it is stored until urination occurs. Our previous experiment revealed hydronephrosis to be an important predisposing factor for the induction of renal pelvic carcinomas 7 . Urine stagnation in hydronephrosis may bring out greater exposure to urinary elements, including BCPN, for relatively longer time than in the normal kidney. Moreover, it might allow production of greater amounts of ultimate carcinogen from BCPN or BBN, because the urothelium has been reported to be able to metabolize BCPN or BBN, which are excreted into urine [13] [14] [15] . The difference in sensitivity to BBN between the renal pelvis and the urinary bladder might be attributable to the difference in the retained concentration of carcinogen.
Sex differences in initiation by BBN were here observed for both renal pelvis and urinary bladder carcinogenesis, in line with earlier findings when SD/cShi rats were administered 0.05% BBN for 12 weeks and then untreated for 10 weeks 6 . It has been reported that the incidence of urinary bladder cancers in animals induced by BBN is affected by hormonal status [16] [17] [18] [19] . This may be due to effects on the metabolism of BBN to BCPN in the liver and kidney and the expression and turnover of metabolizing enzymes 13, [20] [21] [22] [23] [24] . Thus, sex differences in the hepatic and renal metabolism of BBN might be involved in the higher sensitivity to BBN in male than female SD/cShi rats.
In the long term experiment (Experiment 1), the incidence and grade of proliferative lesions induced by the administration of Na-AsA alone were markedly higher in kidney and slightly higher in urinary bladder of male rats than female rats. This result was in accordance with the data of BrdU-labeling index in short term experiment (Experiment 2). However, the sex differential observed in the long term experiment did not reflect the short term experiment in which the BrdU-labeling index was increased to a greater extent in females. In the two-stage carcinogenesis experiment, the urinary concentration of ascorbic acid and sodium ion in female rats given Na-AsA was lower than in male rats, while the pH of the urine did not markedly differ. In our previous two-stage urinary bladder carcinogenesis experiment, the urinary concentration of ascorbic acid in ODS rats, which lack L-ascorbic acid synthesizing ability, was significantly lower than WS/Shi rats, without differences in the concentration of sodium ions or pH, but the incidence of urinary bladder carcinoma did not vary significantly between these strains of rats 25 . Various sodium salts of organic acids have the potential to promote the proliferation of epithelial cells in the second stage of urinary bladder carcinogenesis in the rat 1 . It was reported that the sodium ion concentration under conditions of equal increase of urinary pH affects the development of carcinomas in the urinary bladder 1 . Therefore, the difference of sodium ion concentration might have contributed to the sex differential in the proliferating effects of Na-AsA alone on the urothelium in long and short term experiments, although the cause of the sex differential in sodium ion concentration in the urine of rats is obscure. 
